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.. surface and interfacial phenomena 21 * ^ 

ai.UA jla ; Surfactant 21 ^LL Functional classification 21 jc UU£j! ciili ^1 s>-bU^]l 


Structural Classification -II ja j Surfactant 21 <^221 c 

Structural Classification 

.. l£&Uj l_ij£jUI L. n > ^ C5 1 c V J Surfactant 21 ^ UUa Ua 

• A single surfactant molecule contains one or more hydrophobic portions and 
one or more hydrophilic groups. 

• According to the presence of ions in the surfactant molecule they may be 
classified into: 

a. Ionic surfactants (anionic - Cationic - amphoteric) 

b. Non-Ionic 


A.lonic Surfactants 


A. Anionic Surfactants: 


The surface-active part is anion (negative ion) 

They are the metal salts of long chain fatty acids as lauric acid. 


Examples: 

1. Sodium dodecyl sulfate or Sodium Lauryl Sulfate is used in toothpaste and 
ointments 

2. Triethanolamine dodecyl sulfate is used in shampoos and other cosmetic 
preparations. 

3. Sodium dodecyl benzene sulfonate is a detergent and has germicidal properties. 

4. Sodium dialkylsulfosuccinates are good wetting agents. 

l_iLuj ^c o joall ojlic. Surfactant 21 jjlu Ionic 21 £j 2I ^ 

Activity 21 (jc J^ao^.1 


4 4_21uJ! (JjjVI ja Activity 21 (jc JjluuJI <ua jjlu Anionic 21 jAj UU* Jjl 
(jc- Ajjji lo£ JjVI (j-j .. aK 2 i!j Surfactant 21 (jc I ^KTia 

(<*«-*) Detergent -2 .. aIIoVIj acUj orientation 21 j Surfactant 21 


B. Cationic Surfactant: 


• The surface-active part is cation (positive ion). 

• They have bacteriostatic activity probably because they combine with the 
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carboxyl groups in the cell walls and of microorganisms by cation exchange, 


Examples: 

1. benzalkonium chloride 

2. cetylpyridinium chloride 

3. cetyltrimethylammonium bromide 

. j' jdl uj^VI Activity dl J4 Surfactant dl ^ b ^jdl ^ La 

lA-Iic- IgiV b J bjj^dl JaLuU BaCtenOStatiC u 0 s jW & IfrLbl Viml <L*J! 

■ikLALa i$jj LjJ^fJI Cell Wall dl ^ sOj^^dl COOH Ac. JabjjVb A Kui 

a WLIL iafijj AjlUd! 4 k Lila 4 4KL1I l_i1Lui (jj%j Lj2£dl ^lb Cell wall dl ^j! jjfLLI ^ 
<up AJiLaVI j .. cJlaj j! Lysis j * a£b 4-AaJI 

(jla \ g~b , ^Vn > i l jl Igj! La 4j jia (_>»u Surfactant <-sd*il ^IbCLAI f. Wn«j Cationic dl Lbjl 

UU^ j3j% a c^l t> bacteriostatic Uo^jl l$jV bacteriostatic <_s' -^1 ^Ib^ ^^a 


C. Ampholytic surfactants: 


• contain both positive and negative ions. 

• These are the least common, e.g. dodecyl-palanine 

(jjjj^La Activity dl ^ jja ^d C5 bj (jbAVIj ^dLLIj ak^'I ^bji (jJbj Ld jj b 

j 4 jj Jbdlj .. jdl JaJuj aIU. ajV Cationic Vj Anionic j* JjSI 

B. Non-Ionic surfactant 

• Widely used in pharmaceutical formulations e.g. Tweens, Spans, Brij and Myrj. 

• They are polyethylene oxide products. 

• Esterification of the primary hydroxyl group with lauric, palmitic, stearic or 
oleic acid forms Sorbitan monolaurate, monopalmitate, monostearate or 
monooleate. 

• Spans are water-insoluble surfactants called Span 20,40,60 or 80, respectively. 

• Addition of about 20 ethylene oxide molecules produces the water-soluble 
surfactants called polysorbate or Tween 20, 40, 60 or 80. 

Spans d!j Tween dl <_$j bj ^1 L 4 iV 4 lJ&VI (ji non ionic d! 
LA? ‘ u d^jd« Polyethylene oxide dl Cy> ciilik jl j^djj ajbc- 

Tween 40 i * jlj tween 20 Y * ^ jjSbj jib jl 4 A^ub 

. li^Aj 


r 
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Water soluble d' d^Idbj Water soluble matter tween d' 

O/W emulsion 

E Span dlj Span j=d JEsterification j' ® jU aJjLc. j] b tween dl 
Spans ^ *4Jd* Hydrophilic ^1 Tween dl ac-Uj HLB dl ^Idbj lipid soluble uj^f 

W/O emulsion ^ bVu ^ u j JJa a^Uj HLB -II jj% <^111 

... ub^bVI ^ Aix Tweens dlj Spans dl u^f i3jd' 
.. Polyethylene Oxide tsj^i E Sorbitan W—>! jU^^I jl 1^ a^s 


* Oriented Adsorption of surfactant at interface: 


As a surface-active substance contains a hydrophilic and a hydrophobic portion, 
it is absorbed as a monolayer at the interface 


hydrophobic tail 


hydrophilic head 



scheme of mole¬ 
cule of surfactant 


* Micelle Formation: 


Surfactants arrange themselves on the water surface 
like a monolayer of molecules, and inside it as micelles 
and membranes tied by their hydrophobic tail. As the 
cohesion of these molecules is inferior to that of the 
molecules of water, the surface tension of water is 
lowered. 


When the surfactant molecules adsorbed as a monolayer in the water-air 
interface have become so closely packed that additional molecules cannot be 
accommodated with ease, the polar groups pull the hydrocarbon chains partly 
into the water. 

At certain concentration the interface and the bulk phase become saturated with 
monomers. Excess surfactants add will begin to agglomerate in the bulk of the 
solution forming aggregates called Micelles and the free energy of the system 
is reduced. 

The lowest concentration at which micelles first appear is called the critical 
concentration for micelle formation [CMC] 

At a given concentration, temperature, and salt content, all micelles of a given 
surfactant usually contain the same number of molecules, i.e. they are usually 
monodisperse. 
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• For different surfactants in dilute aqueous solutions, this number ranges 
approximately from 25 to 100 molecules. 

• The diameters of micelles are approximately between 30 and 80 A°. 

• Micelles are not permanent aggregates . They form and disperse continually. 

u' ‘ jd Tail j d-dl Head (> Surfactant dl jl dd Lukl L» ^ j 
^ t-sjLi duU <_£ j Sda.!j aJuL j! monolayer 4 Jua aL^oua ta Surfactant dl 

jjjjjl til liljiic. Cluk] jl < _ 5 ic. aJL^.1 J <iila ^ ^till ^ iW .l^lj (jdJJjlLa i l-i£ J3 

(jx joxl! (jjiij (jx oa^. 1 jll Micelle d! <jl ,^-idaA ^$jjI jjj jj^jjll 

d^uA cjr *-nl a JjLdl Sjl jl Surfactant dl d£ji ^ j jl uV Surfactants dl 

. Micelle d^ Surfactant dl uc. ^ 

j' Critical micelle concentration Micelle dl ^ <^d' d£jd' u' d^kl o*j 

j ^ 0 u£ c j'dy L 5 Surfactant dl ^ uj^y <J^ Micelles dl CMC 

( A.^g.^ flajVI) ^jj‘nj.i>‘il A * _1 V * ^)ladlj ^ ♦ 

d^ajjj Aj^i o»ijj <^a V 4 Not permanent u_£y Micelles dl Ij^l 

cpd uj^ t^dd 

•**>'j eddy c£* cd*y Micelles dl jjj£2 dd Ujl^i& £ jji« eddy Surfactant dl CjUj j^JI d^d 

|j£ OJJ^II ^k ^j-ialj jALu (_£_) CliAj sLabl Vj dulj 



1. Cone-shaped surfactant (shape a) resulting in normal micelles (shape b). 

2. Hampagne cork shaped surfactant (shape c) resulting in reverse micelles (shape 

d) 

3. Interconnected cylinders (shape e) 

4. Planar lamellar phase (shape f) 

5. Onion-like lamellar phase (shape g) 


t 
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□ □ 



jdlj JlldVI ^tb surfactant dl Wi ^'jL cs-Lj u^« <^11 J^dVl J£ ^ 

i ifo * Micelle 

‘ tail j head c> uj^% W^j ^ a c£dd' ^ ujL <_$ j -Lj^kLI J1L (jj£i l$jl J1L Jjl 
J£aill ^ (jj£d Jll Normal Micelle dl £* £*?d' jl k Cone dl J^dd'j 

Sjj^ll ^ b J^dd' c^' Micelle ciV ^Addlj cs-Adl 
^x>-v~ij Ld b c <JLaJI jA ^^dl l-i£ i Ll ■* ciuLa j <CI jdl (J£du ^^isu Hampagne aajuiI <J^di ^ 
^Ij .. Inverted Micelle dl a^J ^b Micelle c&d ^ ac«j ^ 

(J j Jda ^LjA Alda jlJ J;ij£ ^LjA jd£ jla i ! ja. ^1 Ajldl AjuS jA Ua Micelle dl 

l^£ Sjjj-al! ^ (jj\j jALa 

qa cAjljLud jl Cil jLouj jc. s jLjc. aJS^AIa bj interconnected cylinders 4-^1 JLA cdb •/ 

0 ± x _u aI^ jIa Surfactant dl 

Planner j ‘ ^LL C5 bu Lamella * Planner Lamellar Phase d! ja j J^d ^1 j v' 
AjjLaj \g >>»» d Aj jl^a CAbLIIj CllbL <J£lC ^ L_Ujla Surfactant dl (j! ^^AiA U^a i ^ixui-a 
. jbcyi ^Ib Cell membrane dl CALL <j j jjj jljL ^ Ij£ aAjLluNI <_$ j AaAa. jj 
t> J^' CALL Jib ^ lLjL C5 Li ? La Onion-like lamellar J^d >/ 

l^Ca AjxCdaj A_a.jLb ^db ^^dl jj.laJL l-i£ Alidad I (_^lj J^d .ibl j ^$d ^Igdl Jidl (JjaJ ALL 

0 
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A. Normal Spherical Micelles: 


In dilute aqueous solutions micelles are approximately spherical. 

The polar groups of the surfactants are in the periphery and the hydrocarbon 
chains are oriented toward the center, forming the core of the micelles. 

- Hydrophilic head U ‘ J^l J*J 

Ldj AjIa a aL»a ^^dl JjLdI . 1 ^. 1 jjIj ^IdLj 

o jjL jjlu !jaJ Jjjj Ijd j b JSddL jjj Surfactant dl 
ciua, j] Ijdl 4ja <^111 (jjij Core Jddl ^ 

Normal dl aIU. ^ ^IdLj Micellar solubilization <_WL 
111 'Core dl jLic. Lipophilic ^ jV b Ijd! La Micelle 

hydrophobic layer j' ‘-yj c> 




% 

I 


B. lnverted Spherical Micelles: 


• In solvents of low polarity or oils micelles are inverted. 

• The polar groups face inward to form the core of the micelle while the 
hydrocarbon chains are oriented outward. 

(jLLdl La 



Hydrophilic head 


Organic solvent 


o^ja ^IdLj Inverted cv 1 ^jd ^ Micelle dl jjlu 

Hydrophilic dl jd'j £ jb>d lipophilic dl Jjdl < <J£ 

aL^a ^11 jdl La (jlblLj Hydrophilic uj^ Core dl j 


Hydrophobic tail 


oLaI] i^wa (jj^jA Ija. 

(jjc.jill (jjj JjjiL tdjgiij (^J^Laj l^£ (dc-LaJ ^ JjJ QlK.H I—L^ajl 


C. Cylindrical and lamellar Micelles: 


• In more concentrated solutions of surfactants, micelles change from 
spherical either to cylindrical or lamellar phase. 

Ajjjjj (JA I g U^l J AjjJ ^^dl JllaSyi (_g_j 

^=dL Surfactant dl cjLjj> a Lu . ii CjI^L^ CMC dl ^ Jac. 1 ^1 ^1*11 jj£jdl aJU. ^ 
‘ a Lu . ii CMC dl ,jA ^gifcl L a_uJ jj£jdl jl u-ujou bj Spherical j' c&d ^ 

jo»JI a^L jLL (jilifa Spherical dl JlLlIj A^j ajs ^ C5 ILa <_$jl <_$ j! jlj jj jdl LL 

Jblbj s^a.1 j ALL unilamellar uj^f Spherical dl jV Surfactant dl CjLj ij*. o-aKI: 
tjSyi ooja cylinder dl ^j Multi lamellar ^ l_ujI Cjjjs jl j£lj J13 ^Lj 

.. Surfactants dl jj£I ^ ^L CjL Micelle dl 


n 
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Concentrated solution ^ Spherical micelle -II jl j tSlslL-i jl ^jdl ^Idbj 

dale- 

Spherical -1' jV V a£I ? CMC dl t> JSI jAj 2 ^ uj£ii jiS Spherical dl <> t j*-' j 
CMC -II (> <Jal jjSjj ^jc. Micelle cs' <_AA«j Micelle u& « jdc- 


Changes occur at the CMC 


^ Ciljjjiu Ijuij Micelles -II <jj£ii Ijujj CMC dl d-^jj L«l UjI eU*-* b (jljixll 
CMC -II cJjS (jJJ (jjill <»_ijc.|J Igjai^pl ^»jV (_gJldljj ^*u>u»\l Ac-lb <__)^ajb-aaJI 


* Properties of surfactant Solutions as functions of concentration 


A. Surface tension. 

B. Interfacial tension. 

C. Osmotic pressure. 

D. Equivalent conductivity. 

E. Solubility of compounds with low or zero solubility in water. 



JiLuj ^1 Surfactant dl jj£jdl jc. ajbc. b <j-ai]l ^ t_ialj ^1 jja*JI i b jSdiJI ^ j-aj 
.. CMC dl Jd 1^-uuaA li! ^111 dll jjildl jc a jbc i-ijjaJlj CMC dl 

| 1. Surface and interfacial Tension || 

• A continuous decrease in Surface and interfacial tensions with surfactants 
concentration until CMC the Surface and interfacial tensions level become 
constant owing to crowding of surfactant molecules adsorbed at surfaces and 
interfaces. 

V 
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interfacial tension -S' B JaaJI j Surface tension-!' A Audi JaaJ' 

jj j' Jjiij jjjjVI Interfacial tension -S'j Surface tension -S' 

A Surfactant -S' jj-> u' uV CMC -S! <JjS Surfactant -S' 

Surface tension -S'j interfacial -" 
sjbj Interfacial tension -S'j Surface tension -IS CMC -S! u^S 


Surfactant -S' 4^**? <jU' j !'j j£j5S' 



C ^3^) Jail' aJILuj (_£ j^x-uiV' Jaij-iall 

Osmotic pressure -S' u' Surfactant -S' sijjj .ajja ijj ij* *«VI )-»» > >»" Ua 

jj jjj (_gj^AxjoV' Jaxjjall jj£! Surfactant s- 1 j^' S-«' ^tiiSbj -Sa^jS' ^ ajI-i^!' dilLj^J! -ij jjj 

(jV JjV' i_y&c- ^-SaJ (J^d 3 j jjj a' CMC -S' 3ju (jV 4 JjSa (jli j d . i n x ta 

Afrtjj 4_ijljjjlS' ^tiSljj <_J£i dllA j <_£ji.1 CjIjj ja. Ajlil t5 lc Jawijl! ajJSj ijb 

^i=uj jj jja jjS! £±d!' Ala. ja! Ul*-a j jV J jV! (jj 1 Surfactant -S' 

CMC 

I 3. Equivalent Conductivity || 

• For ionic surfactants, the equivalent conductivity drops sharply above the 
CMC. 

• Only the counterions of non-associated surfactant molecules can carry current. 


D JaaJ' Conductivity -S' Ua 


sjb jj JSj Conductivity -S' 'A4 * u^' s j^' 4A JS' Ionic surfactants -S' <SU> ^ 

^a ls^. .. Sharply j' JA? dL A->' CMC -SS Surfactant -S' 

. Osmotic pressure -S' ^ lS^*. ^1 


Ionic -S' ja Ua Conductivity -S' £ jdj* o^' <^SS' Surfactant -S' t> ^j!' j' J^V 

.. Jajuijl! (jjAS' jA fr\j_j^SI JS3 Jajji (jl jjajlc. Ui£j jjb AAaaaj ^jLa Non-ionic -S' (jV 


A 
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1 _ 

4. Solubility 

_ 1 

Solubility of many drugs are increased after CMC. 



• Other solution properties changing at the CMC: intrinsic viscosity and turbidity 
increase, while diffusion coefficient decreases 

. JLS1I E JaiJI Solubility dl 

j j£l Surfactant db sJilla <jl« ajiIc. CMC dl ca-j Solubility d! jl 

^ Jja biaL» (j j Micellar solubilization dl Ijujj Micelle uj^ja CMC dl jj£jdl 

I la. 1.1a, ‘bjbjill alb jl (_£l jjj 

IajI ij ji: <_£i j 4ja.jjlll jl Viscosity dl j CMC dl isu jja'i j Adbll (j^bl ,^-sll (jiuu ajs 

JSjj jUujVI jl Diffusion coefficient dl 

«. bjJal Lai (jl ^lila (jl J (_£l l&bls (^1 (j^ajl t^rvll j^ CMC dl jJC-l jlSI 

interfacial dl jl dual j^ j&ji ii& iaJ JL JLj interfacial tension dl jl Surfactant 
CMC dl b ja media dl ^ blU ij^j^ ^1 j£jdl jl J>* ^S ik. cibs tension 

i* iL^a ^ -v \ \ A iq \\ A 11 11 1\ \ \ ^ 

• All these properties can be used to determine the CMC. 

(Jjijjj (J|Jjjoi tdlLoU j^-a-a kiljlll 

• The solubility of the insoluble matter increases above the CMC (True) 


^^^^^^^actor^ffectin^CMC 


'h Temperature.s|/ CMC 


* For ionic surfactants: 


• The CMC are higher for ionic than nonionic surfactants 

• The charges in the micelle of ionic surfactant are in close, to overcome the 
resulting repulsion an electric work is required but nonionic surfactants have 
no electric repulsion to overcome in order to aggregate ?+* 

dAijjV! jV bills ? 4 j1 l_lL Non ionic dl <1U. ^ l^ia I ionic dl <1U. ^ CMC dl jl JjLj 
jaUn Heads dl tab Micelle jj^ jbi& fd ^i ionic jj^ cjd' Surfactant dl 
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£-uijjj ajjjjo Micelle ^bj Tails -55 ^IVSSj a w^ll qAA ^jjlala. ^il ^mai \g>>»» i ^ 
Vj dil w>m Ia-Hc. Jll non ionic -55 o*Ac- ‘ j'i'brij l«^ Ig.^Vi Jx (Jiii q^aj 

.. Ifci5 Ajudlb QjSloba Ujolla Jl^j jalli !j\ Aj3 Vj b (j-a 

Effect of electrolytes on the CMC of ionic surfactants: 

• The addition of salts to ionic surfactant solutions reduces the electric repulsion 
between the charged groups and lower CMC values 

'h Electrolyte.4/ CMC 

J J1I +Ve charge -5' uV J5I jaLull ^ Ionic surfactant -55 Ail-da' 
uj%a Mia Heads -5' j' o^*-> ^ j U J5' ^jUj j=JI jjj o*ij gxadiA Electrolyte -5' j' Salt -5' 
duljjjilVI (> aa a Juaa J ^11 j! Electrolyte -5'j Head -5' 

(JilAj <j£i& AiUall Jtilbj Jj 2 k.j-a J1I JLlill dlllaa A g i\ dlLdl dll W dll (jjj (j-aill dj^*i diikJ 

.. b Jij Jill ^Jaiill J Jll (_}A*iA (JxJ CMC -55 


♦ Effect of Surfactant’s structure on CMC: 


• Branched chain systems and double bonds raise CMC, Since the chains must 
come together inside the micelles. 

• Increase in chain length of hydrocarbon facilitate the transfer from aqueous 
phase to micellar form cause decrease in CMC 

• Greater interaction with water will retard micelle formation thus ionized 
surfactants have higher CMC in polar solvents than nonionic Surfactants. 

In polar solvents: 

'h Polarity of Surfactant molecules.'h CMC 

I s Length of hydrocarbon chain.4/ CMC 

In non-polar solvents: 

'h Polarity of Surfactant molecules.4/ CMC 

'h Length of hydrocarbon chain.'h CMC 

cJ c^'j Is j* cJ5 $ > >»»,' ^ <LL I IDouble bonds -5'j Branching -5' 

Surfactant U! (J£ Lai jAj a^s^. Ij^. Jll Core -5' Jjl L^jj^xL s-^jl 

CMC -5' JLilLj Micelle -5' l5^j (jldc. jj£I AxbL 
JUlbj lipophilic <_djUjjAll aIX, J Uj < Surfactant -5' aLLA\ JjL Ul jUS 
b 4 Ax .jjuij micelle uj^5 ^jjj Igil jlaj&j I^a jfLiAj ajIaII l. iViA Jua AjLdl (J lgf>^l Lai Jjl 
.. CMC -5' J5L Jb5Lj Ax. j JjSjjj Micelle -5' oiJ& 

^ * 
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Polar C 5 -* j Micelle uj^ u 1 -^ * hydrophilic j' 4i-*S' Surfactant lS^ '-’I jl 
Ja*j <j| ^-ti^ (jLaj ajUI! ^ L_ijb ja j Stable <jV jjj cij j^La solvent 

. Micelle 

Igj! jjc. (jjiiLa ajUI! Aja!ibA c <jL« ^ Cutj Lipophilic jl 

.. Micelle uj^j 

• Surfactant with long fatty acid chain has higher CMC than Low chain (False) 


Incompatibilities Involving Surfactants 


A. Nonionic surfactants: 


They have few incompatibilities with drugs and are preferred over ionic 
surfactants. Even in formulations for external use, except when the germicidal 
properties of cationic and anionic surfactants are important. 

They form weak complexes with some preservatives as phenols, including 
esters of hydroxybenzoic acid (Parabenzes) and with acids like benzoic and 
salicylic via hydrogen bonds. This reduces the antibacterial activity of these 
compounds. 


(Jc-lij j! <^1 j!( jjj ^c. IaUx* Incompatibility 

Interaction jbic. AhJL Incompatibility -SI ^ Jal non ionic -SI 

<*-* cJc-lijj (JIaa jjj£ Uoic. jl t- jn i n jjj£ incompatibility W ionic -SI ,j£lj cAjjja. 

bactericidal -S' cationic -S' ^ ^cLua Ul j] jll non ionic -S' LbJ 

^1 ja Cationic -S' activity 

jjLj LLuu]' (JISj <j' ^1 Iax <Iaal_=k j' jl ciiL^^a weak forces cS^u UU^I 

AliLaV'j Ij^ll jl j>>iViuu" ^ic. 

B. Ionic surfactant: 

• They are capable of reacting with compounds possessing ions of the opposite 
charge. 

• These reactions may bind the surface-active ions, sometimes with precipitation. 

• The compounds which react with the surface-active ions are also changed, and 
this may be harmful from the physiological or pharmacological point of view. 

• Example : Incompatibility of surface-active quaternary ammonium compounds 
with bentonite, kaolin, talc, and other solids having cation exchange capacity. 
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Ijljal i !-d q *J (jxx i t «x AjjLj .Mjx (_gl £x jc.lij cJ-wCj Ig-jl J- 13 J& ^gJtilljj dllWtTi lA-lic ( _ 5 1 j (_£.} 

l_i 2 juijj ^gJ! <_£jjjj i ejjajx ajjIj Aala. (_$\ £-« Surfactant dlijja. j^j ^ii lx] b Jc-liill 

Toxic effect ^d l_£jx jjfb jlxxj <olL jjdb -cild <jl«j <xij Surfactant -5' 

Quaternary-5' Incompatibility -5' Jdxj .. jd£ JSLi* 

.. ammonium compounds 

Anionic surfactants: 

• React with Cationic drugs (alkaloidal salts, local anesthetics, most 
sympathomimetic, cholinomimetic, adrenergic blocking, skeletal muscle 
relaxants, antihistamines, many tranquilizing and antidepressant agents) cause 
precipitation or the drugs lose potency or bioavailability 

• Drugs with carboxylic, sulfonic or phosphoric acid groups like salicylic and 
aminobenzoic acids interact with cationic surfactants. 


Cationic surfactants: 

• Form complex with water soluble polymers containing negatively charged 
groups, as natural gums (acacia, tragacanth, agar, carrageenin), alginate, 
sodium carboxy methylcellulose, and Carbopol. 

tsj Igd J3A d^dl £a incompatibility lU“ Anionic surfactants -5! 

IgjlVn lg_i! Aa.jd ja.1 i n-^adl jlgaJI ^c. (Jajjxjj ^Jl Ajj^VIj (_gjl‘nx‘i\l jig-ail AjjJIj 

IgaJlad Igjl (jiaj^jLdl ^^^1 (j£Lddl Jjj!i& IgJjlii (jdaj-d! j]j Iglc-lL b.lix]l ^ L-Ujjjj 

Gums -51 J£j Acacia -55 j I <*-« Incompatibility Catanionic surfactants -5' 


ADSORPTION ISOTHERMS 


• Functions which connect the amount of adsorbate on the adsorbent, with its 
pressure (if gas) or concentration (if liquid). 

.. Absorption j Adsorption l 3>5' pjV 

^giau l&lja. (Jadlx JJC- jx Ajjlil! S-iLdl ^dauj ^ tiLoixJ SjLdl jl (j-aL^axJ VI jl Adsorption -55 

^•k.nll Jc. Jjdaj 

Bulk-5' ^-5=ud' jx ^jxaid djc.lL si-dl jl b tj-aldixVI jl Absorption -5' j£5 

AjIxII Ld AaLL-dl (_g j l^ja. 

sjIxII <j-ab-axd jxauA <^111 sdxll I j Adsorbent -51 j <j-aLx»xd c^5'^ Adsorbate -5' 

\ ^ -v l i\ ^ Ajjllili 


^ T 

































































BEIN CEUTICS 

« 

SUCCESS TEAM 



AjjjlLj roughness <4 lSjLuux j' f4iia <jLa ^lc-4? ^kuJI jjA? Freundlich ^JLa. 

^Lill £tIxuJ! (jc. AqVi-vx ^ixuj <J£ £-Uj (j^aL^alLaVI AfiUa ^LilLj jjj£ ^Ixuil (jl AXi^aa^all ^LXhj 

S-l^lj AifL (Jh a dlbula (j^aL^a-aJ VI 1 >>»jl ^JUlljj 

ULw jl j JaxjJall -ll j Lal£ (jl ^^ia-aJ (_£j^)la L_Lailjj]lj JaijJallj A A_La£ll j! aJj£]| (jjj Ai^lsdl La 

.. Adsorption 4^=4* c4' 4*^' 


|2- Lonqmuir Isotherm: 


• It is valid for gaseous and liquid adsorbates. 

For gases adsorbed on solids. It is based on four hypotheses: 

1. The surface of the adsorbent is uniform, that is, all the adsorption sites are 
equal. 

2. Adsorbed molecules do not interact. 

3. All adsorption occurs through the same mechanism. 

4. At the maximum adsorption, only a monolayer is formed. 

!.£ cjLjal jjal ajjJ; .La* Longmuir La 

i—S^llLa.! tgj (j^j]j A^JJulaj »LuiLq 1 g aj.a'^ ^ixuiVI (jl A^.l_a. (Jjl 

^lajoJlc. Jjtjli (JjoJ ^A (_gl 4 } (jJJj 4\]J V (j-saL^a-a^l 1 ^-h^xa-jA ^^11! dllil_ja. (jl 

(_yikn (Jj-ixaaj (j-aL^a-ajVI A_iL»c. (jl 
4 J c3A d(_gl (jiij<Uj (j-aU-a-a^VI AjUc- A -sjTi -jj^'i'ij ^^111 (_jjoj e^lj Alila Aj3 Ua 

L$^ 44- < 4 ^ t_-l4 UJ ^l AjIc- ljdajjic .1 J frLalc. (jTij 7 >» a L j 

These four points are seldom true: 

1. There are always imperfections on the surface, 

2. Adsorbed molecules are not necessarily inert, 

3. The mechanism is clearly not the same for the very first molecules as for the 
last to adsorb 

4. more molecules can adsorb on the monolayer. 

(j^a j dllc.jUllj AjC-LaJill (jx (JULa ^dajai (jiijj<Uj AjC-laj Aj 3 (jj4 4“^ (4 (4 

<jLa£j oAc. tJc-lij (_4*4 ^l_^« ajs (jV inert uj^ c4 >^*»^l I g U^tvja 4 ^ s^Ldl <jj4 -Ljd 

(_3jS AjuL (j-a jj£I 4 (j-aLali jAax dll jlill (j>a» j Aj 3 (jl IjA^J dlLSii^a^ (_A1 -l^lj (jjfL ^ jV (-A® 

Jli jjLaajj] La (_g_j (jjLa (^j-i*^ I g j 

Longmuir equation: 

P _ 1 P 

y Py m y m 

\ * 























It depends on 

1. Chemical nature of adsorbent 

2. Chemical nature of adsorbate 

3. Surface area of adsorbent 

4. Temperature 

5. pressure 

Solid -1! AjoJaj jlill <*_uL j < _ 5 ic. AaIxjj jlill (jjj (j^aL^a-ajVI A^IaC. 

Lai (J£ (_$•! A-^LaaII Aj jll Lai (J£ i (j^aL^a-aJ^U ^yajsu all ^Axuill A -\l >ha j)La£j Adsorption Ajj (JaxA 

JaijJallj o^jl^^JI Ijjklj (j^alt^A^VI .lljjj 

Example for adsorbents (CharcoaD^^I : 

1. Used as antidote in poisoning by sulfonylurea e.g. (tolbutamide) 

2. Can adsorb analgesic ^prevent liver damage and kidney failure, So Prevent 
bio absorption from GIT 

3. Increase the permeation from the tissue to GIT and elimination from the 
body (gastrointestinal dialysis) 

ojj^a Ajljjj^all ^ A_i3yiliAj (j^al t«oA^VI A iIaC. ^.'iVnjj'n ^gAll dlL^l^Jl ^)gdl (j-a 

A£.^)^. .ikl j] diljluiJI ^jLa£j UUI (_£ j ajjjVI L>-a Adsorption ajI ^ aIjajaI 

(jfLaA c A_JajA^.j Aj^.^)3 jl ulcer aIaju j^AAj AjKH j .V^ll aJ£jj1a (Jaju (jfLaA t _ s ill dlljjA A.jU.C- 

l g I J^ll (jA SjJJ^ll AjaSII (j-alaJ ^-3 (j-aljSI -ikL (j^aJ^all (jl (jgJ^Ia (jc- aKAiaII 

^Iajj A^Litti ^gJc. (_^j Ljj^AI (_><aiaj jA Ljj^AI ^ inaj ^glll diarrhea -II kSLk ^ j)La£ 

C-Is-aVI (JjjuiC- ^gi A^a,~l Vu.i'nj |«i (jLgjaiVI 


♦ Difference between physical and chemical adsorption: 


Physical adsorption 

Chemical adsorption 

S The forces operating in these are weak 
vender Waal’s forces 

AiuuJa AjjL ja jjkL Jajl jjII (5 j3 La 

S The forces operating in these cases are 
similar to those of chemical bond. 


^ 0 


































BEIN CEUTICS 


SUCCESS TEAM 



^llAl^ll kj| jllI (J j<L A_AjAuI kj| jail j3 4A 

tlllll^iJl Qll 

S The heat of adsorption is low, about 
20 - 40 KJ mole' 1 

4iUaj A qj* tJo 4 jj 4^3 kj| j^)ll (jLkic. Ahh Aalkll 4a 
aLIs <£A kj|J^)ll 

S The heat of adsorption is high i.e. 
about 40 - 400 kJ mole 1 

j AjjS AjjUaj^ Jajl jj\\ aJIc- AiUall Ua 

S S a 1 \ ^ A 

S No compound formation takes place 
in these cases. 

^jC» i p ^\ 1 4 A i ^j*i* \ Q^ 1 

j ^JajuJLc- fi2ic.ii sjLg 

S Surface compounds are formed, 
tlilxlail AaUa 4j3 (jLlc. 44 J^lil SAjAs. SaLo 4j3 Ua 

AjAaJl l_£jkl ^ 

S The process is reversible i.e. 
desorption of the gas occurs by 
increasing the temperature or 
decreasing the pressure 

lilil a^^aj reversible ^ jUtII 4a 

^gjlj CllA^)J AiutjJa 4kj|^)]| cilUA (_£A 

AjA^. (_j<a 

•S The process is irreversible. Efforts to 
free the adsorbed gas give some 
definite compound 

t_i£ ja jj&lj kllc. Ailkll jV reversible J** 4a 

S It does not require any activation 
energy 

jLic. activation energy ^4^ 4 a 

SaLo Jo-LaU UlaLa (_£ j J-dl (jV (JcliHll 

(jAylU. J ^rkmllc. 

S It requires any activation energy 
Catalyst j' cWx. j' ^4^ Ua 

l_l£^)A jl Isj^- £44 (.5^4^^ cJc-lij ^4 (jUic. 

.AjAa. 

S This type of adsorption decreases with 
increase of temperature 

lilaj 4_kj|^]| lAiiA ^lajoill lHauai jl l_iA 

.. ^4 aL^ ^jkl 

S This type of adsorption first increases 
with increase of temperature. 

S The effect is called activated 
adsorption. 

Jll 4 jjI^)^J| ASllall SA4jj Aj^jA (Jc-liill 4 a (_j^l 
^jUaj^JI (Jc-liUll yli^ (Talx£ (JaHaA 
Adsorption 41 aj jk ajAsJI 

S It is not specific in nature i.e. all gases 
are adsorbed on all solids to some 
eiil jUJI J£ £-a (jiiLj jUl specific J** 

4j jpa 

S It is specific in nature and occurs only 
when there is some possibility of 
compound formation between the 
gas being adsorbed and the solid 
adsorben 

J^*ai ls axj Specific uj^f 4a 

j* £* Interaction 

S The amount of the gas adsorbed is 
related to the ease of liquefaction 
of the gas 

S There is no such correlation exists. 

Jaliijl !^\ q j4aa 4a 
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L^ala^i ^Jll S^LJI 4 j>*£ jjj L-LojUj jl Jajljl 4 j 3 liA 
LlLoil 1 g \*\ ^JJI Llo^IIj 


It forms multimolecular layer 

'f It forms unimolecular layer 

S Obey Freundlich isotherms 

S Obey Longmuir isotherm 


Electric properties of the interface 


• Development of a net charge at the particle surface affects the distribution of 
ions in the surrounding interfacial region, resulting in an increased 
concentration of counter ions (ions of opposite charge to that of the particle) 
close to the surface 

• Thus, an electrical double layer exists round each particle. 


Stern layer 

where the ions are strongly bound 

Diffuse region 

they are less firmly associated 

slipping plane 

a notional boundary exists within the diffuse layer which 
the particles act as a single entity 

Zeta potential 

The potential at the slipping plane 

Nernst potential 

The difference in electric potential between the actual 
surface of the particle and the electroneutral region. 


e_s jl JU lJ solid particle dispersion u' ‘ ^ ? 

jl j-aiaj 1$ jaJI Iojqa 4 aikJ jjfL <j| Particle dl jl (_>ia jiiAj Water j^dJ 

j£l Electric double layer W—»' ^=> 1 ^ jjlj aj&Il +ve charges -d' Jjp* aJc. ^1 jl 

L_fl ^ juHa Lo (_£ j Allai* j* jj£l (J® jj^lJ (_£•} LLlaiJI 
4 lida JiaLa j <ia.j-a 4,1 WJ ^^A ^Jll 4 4-uJj jaJl Surface —H JLjA (_£Lc. <klala J jl 

surface layer (potential ) W®-^ Aikia J jl 

tight J-«JJ ^J <•. VWTI ^j-yjlA ^Jll dlljjjl (31 Jjiaiallj C5 1 jj +Ve ^ W >« ^i.1 j 4j| US 4 (jiasu £-a JdL 

j Stern layer uj^a ^1 LLkidl.. 4 iw J <_>£& jUc. -ve —H ?? Layer 

I g t>i» j JbaLa. 4iLuiLa 4jallLJI dll^ juill ^Lli 

l^JIja. Stern layer —II J^^ja ^l£ll (jJuj diSjll ^-a -yg Jl diLjJ JLa 
diffuse 4lJa jjljj Stern layer -I' ^-LjJ ^ l^djJ Solvent -I' t> 

stern layer dl j* JaliijVlj 4iUJI ^ JSI diLadJI jj£L region 
Neutralization J^^L oaJ Positive -I' j$dL I^jj gjjJSftj JL negative -I' 

o jyuL Jlc. (j-aii Electro neutral region W-^l <ikia ^jfLj l$daxj <_sjluu dl w Jl l 
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.. ^V! shear plane j' Plane of shear -" j* Sipping plane -" 4^ 

Is j4' £4 ^LujJ! jjj ^sJ! <jja jc. ojUc. Zeta potential -S' 4*^' 44 4^ 4 ^ ^SSjiij 

cs44 <_sj ^j' "c,j±& 4*' IgJ Slipping plane -S'j 


4 4 Zeta potential -S' _>j lS* ? c^cs 4^* JUklk. ^1 jSI 4° L y^ 

4 ^ 4 l 4' Sj' (jV t 444 slipping plane -S' ^ Potential -S' 4' <4 ^ 
cjjil' c^uoS jia « <^4 ^J=luiSIj U jjlfr U! ^1 Aikidl jjj Jjd' (^kb « Electrical double layer -S' 
jjSj Ua Slipping plane -S'j j]j Stern potential Stern -S'j ^kxdl jjj 

4^' (JjljCill Aaklaj ^kuill .^g4 dbaia j]J t <_£I 44*' t_a^)*iAj Zeta SaIaiuj ^111 

Nernst potential E 44' 4^4 ENR -S' c4 


+ / .•?+ 


Surface charge (negative) 
Stern layer 


+\ +\ + 


tw . 

Slipping plane 

y.*V 
•/ • 

+ r + 

Bulk fluid 

+ 

Surface potential 

r \ 

( potential 




Distance from particle surface 



Importance of zeta potential: 

• Colloidal particles dispersed in a solution are electrically charged due to their 
ionic characteristics and dipolar attributes. 

• When a voltage is applied to the solution in which particles are dispersed, 
particles are attracted to the electrode of the opposite polarity. 

• Zeta potential is considered to be the electric potential of this inner area 
including this, as this electric potential approach zero , particles tend to 
aggregate . 


^4 Stability u& 44* 4' 4 c4 Zeta potential 4®*' 44 4* 4^' (4 s 

o^*i'j Stability -4 Zeta —" ^ l 4* c£ u' 4*^ <^4 Dispersed system -1' 

4jA a^tc- ->g,\n 4*^ 
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(jjSjlc. Ua.lj A g jujlall CjIjj jail (jjj jallill 4 _a.j 0 OOaUj Igi! ^ NemSt —S' CP (J*- 3 *' lg-j' cs-S' AsLia! 
_JI ^^Ua du^aij Zeta -S' jS <jV ? <_$'j! l-aL ^jjfU u 1 c.Ujj ^luuUU ojjjj jsliilU <jl 
cU*jj <*.* g « >~A ^Ao^S' c^^Wj Repulsive force -S' Cp j£' attractive force 
Zeta -S' u' j^ iJ^hj stability J'j j' aggregation 

Stability -S' CP £ 4 ^' ^sh Zeta potential -S' 

Effect of electrolyte on zeta potential: 

• Addition of electrolyte lead to reduction in zeta potential. 

Electrolytes ^ jS A'j <_$' L r l ^ a ? c - 1 4j j^S' CP 4 -^-?^' JSA Zeta -S' u' JjU a -^ Ul <jU 

'j j JiiA Zeta -S' ^ ? -4JU <u.tu Zeta potential -S' J j ^ ^ j t jiiu lo£ NaCL <j j 
dilij3^S' ^iS-uud' lJS^j SjaUiU! CjUj jaJ! (jjj (Ji.UA Electrolyte -S' ^A <jl ^inn; 

^g \n ^ t_aL ^-vjjg^ Ailii^a 4'iW U ^JSLuk <jl a^aJ 1 g >>a» j L_)j£3j \gj\Vij 

<_$o dAjjjaJ! Aggregation J^^ja ^UlUj cpp u-® s->j£i 'g.Ajj <_s^ col w >*'1 ^ 

. Stability -S' 

Electrolyte -S'j Zeta potential-S' CP 4i^*-S' ^ 
^gtj < 1 uj ^gi IUoi.UA jlUc. <_$o Electrical double layer -S' j£la (iLii. 

(jU^ Sjjj^oll f-Cp (J^Sij oji/il ~\Ul Cn^A (jj£j Io^j 

£aUIui - -»U 


















